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SUMMARY 


The  stability  of  simply-supported  cylindrical  panels  under  lateral 
pressure  Is  Investigated  by  linear  theory,.  First,  panels  with  classical 
simple  supports  are  analysed  with  the  usual  Donnell  8th  order  equation. 
Numerical  results  are  presented  which  confirm  that  panels  may  buckle 
at  lower  pressures  than  corresponding  complete  cylindrical  shells.  Then  the 
effect  of  circumferential  restraint  along  the  s^-alght  edges  Is  studied  by 
analysis  of  a  panel  with  SS4  (u  *  v  *  0)  boundary  conditions  and  comparison 
with  classical  SS3  (  u  =  *  0)  supports.  The  coupled  Donnell  equations  are 

reduced  to  a  set  of  algebraic  equations  and  the  eigenvalues  are  solved  by  an 
Iterative  technique.  Circumferential  restraint  along  the  straight  edges 
results  in  considerable  stiffening  under  lateral  pressure. 
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radius  of  cylindrical  panel  or  shell, 
coefficients  in  displacement  functions  Eqs.  (16). 

Eh3/ I 2( l-v2) 
modulus  of  elasticity 
thickness  of  she  1 1 
length  of  panel 

non-dimensional  length  of  panel 
number  of  longitudinal  half  waves 
lateral  pressure 

roots  of  characteristic  equations,  Eq.  (17). 

"classical”  and  stlffest  simple  support  boundary  conditions 

(see  Eqs.  (5)  and  (ID). 

number  of  cl rcumferentlal  half  waves 

approximate  ^a'^e  of  t  obtained  from  Eq.  9> 

t  for  X  ir,  hypothetical  she' I  with  '  ,  •  <  n.u 

min  ' f 

«  t  » 

non-dimensional  displacements.  u-(  u  iafikV  '  ,  /,i . ,  w  . »  o 

displacement  components  dependent  on  $  on  y 

axial,  radial  and  c  |  r  cumferent  i  a 1  coord  cafes  n'-t  |  , 

ft 

non-dlmens Iona i  axial  coordinate,  x  u  /a'. 

2  |  /I  2 

*  (l-v  )  [(2<^)  (a/h)]  Batdorf  shell  pai  irr.ete'  ,  :  «■ 


(pa/Eh)  lateral  pressure  parameter 

approximate  value  of  X  obtained  with  Eq.  (8) 

pressure  parameter  of  corresponding  complete  cylindrical  shell 

Poisson's  ratio 

circumferential  coordinate 

half  central  ang'j  of  panel 


Subscripts  following  a  comma  Indicate  differentiation. 


I.  INTRODUCTION 


The  buckl1^  of  cylindrical  pane  I n  under  nxi  >1  r  m  n i on  or  torsion  has 
been  extensively  studied  (see  for  example  C  I -6j) ,  womens  practically  no  attention 
has  been  qiven  to  the  buckling  under  external  pressure.  In  general,  external 
pressure  is  critical  for  complete  cylindrical  shells,  but  there  are  structural 
configurations  in  which  the  instability  of  a  cylindrical  panel  under  external 
pressure  may  be  crucial.  An  important  example  is  local  buckling  in  a  stringer- 
reinforced  cylindrical  shell  under  lateral  or  hydrostatic  pressure.  This 
motivated  a  study  of  the  instability  of  cylindrical  panels  under  external 
pressure.  The  study  is  a  linear  analysis  based  on  Donnell's  equations  [7]. 

In  view  of  the  importance  of  the  in-plane  boundary  conditions  along  the  curved 
edges  of  complete  cylinders,  brought  out  by  recent  work  [8(  9,  io,  II  and  I23(the 
influence  of  the  in-plane  boundary  conditions  along  the  straight  edges  of  the 
panel  is  also  investigated. 

The  analysis  is  written  in  non-dimensional  form,  the  coordinates  and 
physical  displacements  having  been  divided  by  the  radius  of  the  shell.  u,  v 
and  w  are  the  additional  non-dimensional  displacements  during  Duckling  The 
notation  and  coordinate  system  employed  are  shown  in  Fig.  I.  (The  coordinate 
system  of  Fig.  I  is  chosen  for  convenience  in  the  analysis  of  Section  3). 
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2.  PANEL  ON  CLASSICAL  SIMPLE  SUPPORTS 

The  usual  8th  order  Donnell  equation  of  equilibrium  for  buckling  under 
lateral  pressure  [2]  may  be  written  in  non-dimensional  form  as 

?8w  +  I2(I-v2)(£)2w  t  A  I2( l-v2) (5o2  V*(w  )  =  0  (I) 

h  ,xxxx  h  ,4+ 

where  A  is  a  pressure  parameter  defined  as  in  C8D  by 

*  *  If  <2> 

If  a  radial  deflection  function 

tir($+$  ) 

«  '  ‘^r1  •'»  7^1  «> 

o 

Is  assumed,  where  L  Is  the  non-dimensional  length  of  the  panel  defined  by 
* 

L  =  (L  /a)  and  t  is  the  number  of  circumferential  halfwaves,  the  classical 
simple  support  boundary  conditions  are  fulfilled.  These  are  for  the  radial  dis¬ 
placement 


at  x  -  0,  L 

and  at  a  =  *  A 

o 


w 


w 


w 


,xx 


0 
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(4) 
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The  In-plane  boundary  conditions  satisfied  by  Eqs.  (3),  on  account  of  the 
relations  between  u  and  w  and  v  and  w  Implied  by  Eq.  (I),  see  for 
example  ZX\,  are 


where 
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The  critical  pressure  parameters  were  computed  with  Eq.  (6)  tor  two  groups 
of  typical  panels.  In  one  group  (a/h)  was  var I edt whereas  In  the  other  the  central 
angle  of  the  panel  24  was  varied.  Table  I  shows  the  variation  of  the  pressure 
parameter  X  with  (a/h)  and  In  Table  2  and  Figs.  2  and  3  the  dependence  of  X  on  ♦ 

Is  presented.  (Many  additional  points,  not  given  In  Table  2,  were  computed  to  draw 
Figs.  2  and  3).  In  the  tables  the  approximate  values  of  X  and  t , obtained  from 
Eqs.  (9)  and  (8)  are  also  given  for  comparison.  The  variation  of  X  with  (a/h)  is 
found  to  be  similar  to  that  In  complete  cylindrical  shells.  Table  I  also  shows 
that,  as  for  complete  moderate  length  cylinders,  Eq.  (8)  yields  a  conservative 
approximation  for  X  ,  that  Is  very  close  when  the  panels  are  thin. 

In  Table  2  the  values  of  X  for  a  complete  cylinder  (taking  Into  account  that  t 
has  to  be  an  even  Integer)  are  also  given.  For  (a/h)  =  174,  Table  2a„  the  t  tor 
minimum  X  Is  16.  If  the  even  integer  value  constraint  on  t  were  absent,  however, 
the  cylinder  would  buckle  at  a  lower  load  with  1 4< t < 1 6.  For  certain  central  angles 
the  panel  can  buckle  Into  a  number  of  half  waves  that  correspond  to  this  t,  for 
"unrestrained"  low  X  In  a  complete  cylinder.  Hence  the  minimum  X  values  in  Fig.  2 
are  below  that  of  the  corresponding  complete  cylinder,  which  requires  periodicity 
of  (t/2),  and  the  "lobes”  of  the  curve  cut  the  complete  shell  line.  Or,  In  othe'' 
words,  the  panel  buckles  at  the  buckling  load  corresponding  to  a  hypothetical 
cylindrical  shell  with  a  "continuous"  t,  whenever  its  central  angle  !s  a  multiple 
of  ^w/^con^.  m|n^*  At  other  values  of  central  angle,  the  buckling  load  of  the  panel 
may  be  higher  than  that  of  the  corresponding  complete  shell,  and  for  narrow  panels 
even  appreciably  higher.  It  may  be  noted  that  X^pp, 


from  Eq.  (8),  Is  a  good 
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approximation  to  a  lower  bound  of  the  curve  since  (but  for  the  approximation 

2 

Involved  In  neglecting  Unity  compared  to  (tL/2^Q)  )  It  represents  a 
minimization  of  X  with  respect  to  a  continuous  t.  At  the  large  central  angles 
the  second  term  is  dominant  In  Eq.  (6)  and  therefc  e  the  neglect  of  unity  In 
the  denominator  slightly  increases  X^rp. 

A  similar  behavior  may  be  seen  In  Table  2b  and  Flq.  3  for  'Vh)  *  2000. 
Here  the  t  for  minimum  X  ot  a  complete  cylinder  is  30  but  again  at  certain 
central  angles  the  panels  can  bucKle  at  lower  pressure.*.. 

From  the  numerical  results  It  appears  that  X^.  of  Eq.  (8)  is  a  suitable 
approximation  for  design  of  panels  with  SS3  type  boundary  conditions,  except 
for  narrow  panels  for  which  It  may  be  too  conservative. 
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3.  EFFECT  OF  IN-PLANE  BOUNDARY  CONDITIONS 

The  influence  of  the  in-plane  boundary  conditions  along  the  curved  edges  of 
cylindrical  panels  will  not  differ  noticeably  from  that  found  in  complete  cylinders 
under  external  pressure.  Hence  the  curved  edges  need  not  be  considered.  Further¬ 
more,  in  view  of  the  results  of  Sobel  C83  and  Soong  Cl 23  the  present  study  of 
cylindrical  panels  under  lateral  pressure  deals  only  with  two  sets  of  bounaary  con¬ 
ditions.  These  are  Eqs,  (4)  for  the  radial  displacement  and  in  the  plane  of  the 
panel  either  "classical"  simple  supports,  SS3  in  the  notation  of  CI23,  Eqs.  (5)  , 
repeated  here  for  clarity, 

at  x  =  0,  L  v  =  0  N=0 

*  x 

at  #  =  4  $  u  =  0  N,  =  0 

To  <J> 

or  axial  restraints  along  the  straight  edges*  SS4  in  the  notation  of  [  2J 

at  x  =  0t  L  v  =  0  N  =  0 

*  x 

at  <J>  =  *  <$>  u  =  0  v  =  0 

ro 

It  should  be  noted  that  the  boundary  conditions  along  The  cu  '/eo  edges  a  ;er 
i n  Eqs.  (5)  and  ( i !  ) . 

The  analysis  follows  that  of  C83.  The  couped  Donne  I  *  stab1  eg j.  "  ons  e 

written  in  non-dlm#n§ionai  form 
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I  4  I 

— w  *  w  +  - -  (v  +w  +  vu  )  +  A  w 

8^  (  l-v  )  »♦  '* 


0 


(  l-v) 


(  l+v) 


U  +  - - -  U  _  +  - - -  V 

,xx  2  ,<M  2  ,x$ 


V  ,  +  vw 


(  12) 


(l-v)  ,  +v) 

2  ,xx  2  ,x$ 


+  w 


where 


12  ( I -v2) (a/h)2 


(13) 


By  separation  of  variables  the  partial  differential  equations  (12)  are 
reduced  to  three  linear  homogeneous  ordinary  differential  equations.  If  the 
displacements  are  assumed  in  the  following  form 


u (x,$) 

— 

uu) 

cos 

(ri) 

v(x,$) 

= 

V(<f>) 

s  i  n 

(r} 

(14) 

w(x,$) 

= 

W($) 

sin 

(££■) 

they  satisfy  the  "classical"  simple  support  boundary  conditions  at  the  curved 
edges,  (x  =  0,1)  and  may  be  adjusted  to  fit  any  desired  set  of  boundary  conditions 
along  the  straight  edges.  Substitution  of  Eqs.  (14)  into  Eqs.  (12)  yields 
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w'V  +  [AS2  -  2  <£o2]W"  ♦  [(l)4  +  9  if  ]W - i-r-  S2(J-)U  *  9 


*-  jfi - *—  »  (-(u  t  - y 

U-»  )  (l-V^)  L  (|-V  ) 


-  (£)2l)  *  i!^L(f)V  *  V(£)W  =0 


V-.  -  ii^i<I,2  V 


iifi  (f)  u-  ♦  w  =  o 


where  represents  differentiation  with  respect  to  ♦. 


The  general  solution  of  Eqs.  (15)  is 


4  (Z)[r  +  v(£)2] 

U  =  E  ■  it  «■-  (A.  sinh  /r!  $  + 

•  i  r  2*i2  i  i 

•=l  Lr.  -  (r)  J 


Bj  cosh  /r~ 


V  = 


E  -^[r.  -  (2*v)(i)2: 


i  =  I 


[r.  -  (f)2]2 


(A.  cosh  /r".  4»  +  B.  sinh  /r".  ♦ ) 

i  i  i  i 


W  =  E  {A.  sinh  /r\  $  +  B.  cosh  fr.  $ 

,  i  i  i  i 

i  =  I 


and  r.  (  i  =  I,  4)  are  the  roots  of  the  characteristic  equation 

4  ,  r.  .2  .,ir,2-.  3  ,  r , .  tt .  4  _  2,tt.2-i  2 

r  +  [X8  -  4(-^)  Jr  +  [6(-j-)  -  2X0  (-jj)  Jr 

r  .  ,„2,n.4-.  ,  r,ir.8  .  -2,11.4-1  A 

+  L-  A(j-)  +  XB  (■£■)  Jr  +  L(^.)  +  0  (■£■)  J  =  0 


V1  =  0 


(15) 


(16) 


(17) 
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The  terms  in  figs.  (16)  that  include  the  coefficients  A.  represent  an 
antisymmetric  bucklinq  mode, (with  an  even  number  of  circumferential  halfwaves), 
whereas  those  that  include  the  coefficients  represent  a  symmetric  mode 

After  some  manipulations  the  solution  is  expressed  in  real  deflection 
functions  with  complex  coefficients  (details  are  qiven  in  Cl4])„  Substitution 
of  the  general  solution  either  in  the  boundary  condiiions  SS3,  Eqs  (5),or  SS4; 
Eqs.  (II),  along  the  straight  edges  of  the  panel  then  yields  a  set  of  8  homo¬ 
geneous  algebraic  equations  with  the  complex  coefficients  as  unknowns  The 
lowest  eigenvalue  of  fhe  determinant  of  the  coefficients  of  these  unknowns 
yields  the  critical  pressure. 

Since  the  boundary  conditions  at  $  =  $  and  =  —  <t>  are  i  dent  ica ,  .the 

o  o  ' 

8th  order  determinant  decomposes  into  a  product  of  two  4th  order  determinants 
One  determinant  includes  only  the  antisymmetric  terms  of  the  displacements  and 
the  other  the  symmetric  ones.  The  same  4th  order  determinant  could  have  been 
obtained  directly  by  separate  consideration  of  the  symmetric  or  antisymmetric 
mode  at  one  edge  only  (for  example  at  $  =  The  lowest  eigenvalue  of  both 

determinants  have  to  be  computed,  and  the  lower  of  the  two  yields  the  buckling 
pressure  and  indicates  the  correspond i nq  fuck  ling  node. 

Difficulties  may  arise  in  the  computations,  since  one  can.'ot  readily  express 
the  characteristic  roots  r.  in  terms  of  the  pressure  parameter  X  Hence  an 
iterative  technique  is  employed.  An  arbitrary  value  is  assumed  for  X,  and  with 
it  solutions  of  the  characteristic  equation  are  obtained.  These  are  then  sub¬ 
stituted  in  the  stability  determinants.  If  the  determinant  does  not  vanish, 
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another  value  of  X  is  chosen  and  the  procedure  is  repeated.  Hence  the  value 
of  the  determinant  may  be  plotted  versus  X  and  the  X  at  which  the  determinant 
changes  sign  be  found.  Such  a  X  represents  an  eigenvalue  of  the  determinant 
Obviously,  only  the  lowest  eigenvalue  is  of  interest  in  buckling  calculations 


In  the  course  of  the  calculations  it  was  observed  that  all  the  stability 
determinants  vanish  at  a  X  that  corresponds  to  the  buckling  pressure  of  a 
complete  cylinder  for  which  t,  the  number  of  half-waves  in  the  c i rcumferent i a  I 
direction,  is  treated  as  a  continuous  variable.  For  these  values  of  X  ,  however, 
the  characteristic  equation  has  a  multiple  real  root  that  causes  tne  determinant 
to  vanish  automatically.  One  could  then  conclude  erroneously  that  the  solution 
is  independent  of  the  dimensions  of  the  panel  and  of  the  boundary  conditions. 
This  conclusion  would  not  be  correct  since  in  the  case  of  multiple  roots  the 
solutions  of  Eqs.  (16)  are  not  independent  and  one  has  to  look  for  new  in¬ 
dependent  solutions.  For  example,  such  an  independent  solution  for  W  of  Fqs 
(16)  would  be,  see  [J5j, 


W. 


3  ( s  i  nh  /r\~$ ) 

i 

3r . 


— —  cosh  /F7$ 

2  /FT 


(18) 


where  r.  is  the  multiple  root.  The  eigenvalue  is  known,  but  now  the  stabi'ity 
determinant  vanishes  only  for  part icu lar  panel  geometries  corresponding  to  the 
waves  of  a  complete  cylinder.  In  general  this  solution  is  of  no  practical 
i nterest . 


The  procedure  was  programmed  and  numerical  results  were  obtained  for  the 


two  groups  of  panels  considered  in  Section  2  with  boundary  conditions  SS3  and 
SS4  along  the  straight  edges.  (Only  a  few  cases  of  SS3  boundary  conditions  were 
actually  calculated  with  this  procedure  as  a  check). 

The  critical  pressure  parameters  for  the  cylindrical  panels  with  SS3  and 
SS4  straight  edges  and  their  ratio  are  presented  in  Tables  3  and  4  and  in  Figs. 

4  and  5 <  The  considerable  scatter  of  the  computed  points  in  Figs.  4  and  5  is 
caused  by  the  difference  in  the  phase  of  the  ripples  of  the  buckling  curves 
compared.  This  difference  is  also  indicated  by  the  different  dominant  buckling 
modes  in  Tables  3  and  4. 

If  a  mean  curve  is  drawn  in  Fig.  3,  a  trend  of  a  decrease  in  the  effect  of 
circumferential  restraint  with  increasing  (a/h)  is  observed.  It  should  be 
remembered  that  the  comparison  is  for  different  in-plane  boundary  conditions 
along  the  straight  edges  only,  the  curved  edges  being  of  the  SS3  type  for  all 
panels.  The  stiffening  due  to  circumferential  restraint  is  about  50 %  for  the 
thicker  panels  and  falls  to  about  20$  for  the  thinner  ones.  Comparison  with 
the  effect  of  axial  restraint  in  complete  cylindrical  shells  of  similar  Z; 

Fig.  2  of  [12],  shows  there  a  stiffening  of  30-40$  with  higher  values  of  Z 
between  500  and  2000. 

A  mean  curve  drawn  in  Fig.  5  shows  a  more  pronounced  trend  of  increased 
stiffening  for  narrower  panels.  Such  a  trend  could  be  expected  on  physical 
grounds.  For  large  central  angles,  as  the  effect  of  the  straight  edges 
diminishes,  the  ratio  tends  to  unity,  whereas  for  narrow  panels  2#o  <  45° 
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stiffening  of  more  than  50*  Is  indicated.  The  high  (P554/P553)  ra*'os  predicted 
for  narrow  panels  are  however  only  approximate,  since  for  such  panels  the  pre¬ 
buckling  stress  cannot  be  represented  satisfactorily  anymore  by  the  membrane 
stress,  as  assumed  in  the  present  analysis. 


Furthermore,  the  behavior  of  a  very  narrow  panel  with  l  >>  2$q  approaches 

that  of  an  infinite  curved  panel  for  which  snap  buckling  occurs.  Hence  the 
present  analysis  ceases  to  be  applicable  for  very  narrow  panels 

The  stiffening  effect  of  circumferential  restraint  on  the  straight  edges  of 
curved  panels  is  much  larger  for  lateral  pressure  loading  than  for  axial  com¬ 
pression,  as  can  be  seen  by  comparison  with  a  recent  study  on  the  effect  uf  edge 
restraint  on  buckling  of  panels  under  axial  compression  [J6D.  There  appreciable 
stiffening  appears  only  in  very  narrow  panels,  whereas  for  Z  >  25  the  stiffening 

is  less  than  10/K. 
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4.  CONCLUSIONS 

Cylindrical  panels  on  classical  simple  supports  (SS3  boundary  conditions) 
may  buckle  at  lateral  pressures  slightly  below  those  of  the  correspond i ng  com¬ 
plete  cylindrical  shells,  since  certain  central  angles  permit  a  pattern  that 
represents  the  hypothetical  "continuous"  +  pattern  of  the  complete  shell  which 
would  be  weaker  due  to  the  absence  of  the  "even  integer"  restraint  on  t,  For 
other  central  angles  the  panels  may  sustain  higher  buckling  pressures  than 
complete  cylinders,  and  for  narrow  panels  even  appreciably  higher.  The  approximate 
critical  pressure  parameters,  that  do  not  depend  on  the  central  angle,  appear  to 
be  good  approxlmat  iors  to  a  lower  bound  of  the  buckling  curves. 

The  effect  of  cl  rcumferentlal  restraint  along  the  straight  edge  of  the  panel, 
found  from  comparison  of  SS4  and  SS3  B.C.'s,  decreases  with  increase  In  (a/h). 

The  stiffening  Is  about  50%  for  thicker  panels,  (a/h)  =>  150,  ?.id  falls  to  about 
20%  for  thinner  ones,  (a/h)  *  2000,  For  (a/h)  =  174  considerable  stiffening, 
of  more  than  50$,  is  found  in  narrow  panels,  2$q  <  45°,  but  i he  effect  diminishes 
and  the  ratio  ^554^553^  tends  to  unity  for  2$q  *  1 50  .  The  stiffening  effect 
of  circumferential  restraint  along  the  straight  edges  of  a  panel  is  larger  for 
lateral  pressure  than  for  axial  compression. 
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FIG.  2  VARIATION  OF  CRITICAL  PRESSURE  WITH  CENTRAL  ANGLE  OF  PANEL 


VARIATION  OF  CRITICAL  PRESSURE  WITH  CENTRAL  ANGLE  OF  PANEL 


WITH  (a/h) 


unclags i f i no 


Security  ('LiKHifi-  ulion 


DOCUMENT  CONTROL  DATA  •  RAD 


($at  unty  •  la$aitir  ilion  ot  fit  '•  htufy  ot  ahm  101 1  <nd  in  1/0  ting  •nnoltiiun  mull  h*  oniara  d  whan  lh»  nvmtall  fa  p>)#f  n  t  ta  m  a  iha  d) 


I  0*lliilNAriNG  AC  ^  IVI  *  V  I C  u  rfmi  a  '•  mulhot) 

TECHNION  RESEARCH  AND  DEVELOPMENT  FOUNDATION 
HAIFA.  I 


1  REPORT  TITLE 


BUCKLING  OF  CYLINDRICAL  PANELS  UNDER  LATERAL  PRESSURE 


*  OtiCWlPTlvI  NOTH  ( 7  ypa  ot  tagaorl  and  l  nciuaiva  daf*) 


SCIENTIFIC 


INTERIM 


S  AUTMORfJj  fLati  nama  ttrat  npma  inlital) 

SINGER,  Josef 

MEER.  Amnon 
BARUCH.  Menahem 


•  REPORT  OATE 

March  1968 


•  a  CONTR  ,CT  0»  QIUNT  *0 

AF  61 (052)-905 
h  MROJIC  T  NO  9782-01 

61445014 


10  AVAILAtILI  TV /LIMITATION  NO  TIC  Cl 


•  •  ORItINA  'ON  I  NIRONT  NUMtlNfSj 

TAE  REPORT  No. 85 


16  othin  ninont  no<SJ  (Any  othar  number*  <h«r  may  ba  aaalpnad 
thta  rapott ) 

SR-6 


This  document  has  been  approved  for  public  release  and  sale: 


Its  distribution  Is  unllml 


II  SUPPLEMENTARY  NOTES 


M  *  PST  RAC  T 


f 2  IPONIOAINO  MILITARY  ACTIVITY 

Air  Force  Office  of  Scientific  ResearcMSREN 
1400  Wl Ison  Blvd. 

11 


MRIIII4IM1I1 


mill*] 


The  stability  of  simply-supported  cylindrical  panels  under  lateral  pressure 
Is  Investigated  by  linear  theory.  First,  panels  with  classical  simple  supports 
are  analysed  with  the  usual  Donnell  8th  order  equation.  Numerical  results  are 
presented  which  confirm  that  panels  may  buckle  at  lower  pressures  than 
corresponding  complete  cylindrical  shells.  Then  the  effect  of  circumferential 
restraint  along  the  straight  edges  Is  studied  by  analysis  of  a  panel  with  SS4 
(u  =  v  =  o)  boundary  conditions  and  comparison  with  classical  SS3  (u  =  N^  =  0) 
supports.  The  coupled  Donnell  equations  are  reduced  to  a  set  of  algebraic 
equations  and  the  eigenvalues  are  solved  by  an  Iterative  technique. 

Cl rcumferentlal  restraint  along  the  straight  edges  results  In  considerable 
stiffening  under  lateral  pressure. 


DD  1473 


UNCLASSIFIED _ 

Security  Classification 


mriAV.iriHi 

.H«-(  in  it y  I  1. 1'.  m  I  n  .il  1 1  hi 


K»  V  SmIMOS 


1.  Huckllnrj  Cylindrical  Panels 

2.  In-plane  boundary  Conditions 


INSTNUC1  IONS 


I.  OKIGINA  IING  ACTIVITY:  Euler  the  lump  and  udJreva 
ol  the  contractor  subt  onlrectnr,  grantee,  Department  of  Rr 
I r n hi*  mi  livily  or  other  organization  Cl  orjmnila  author)  Issuing 

till*  Il-|10l1. 

lm.  Kl  PORI  SKC'IIMTY  CLASSIFICATION.  Enter  I  hr  over¬ 
all  urn  urily  c  lassilic  at  ion  of  Ihe  report.  Indic  ate  whet hei 
"NealruTed  Data”  la  Included.  Marking  la  to  be  In  ai  cord- 
mn<  with  appropriate  aecurily  regulations. 

2h  GROUP;  Automailc  downgrading  la  apecilied  In  DoP  Dl- 
irctive  !>200.  10  and  Armed  Kories  liuJuatrlal  Manual.  Lnler 
i  lie  group  nun. her  Also,  wta.-n  a[ipliratilr,  allow  that  optional 
iiiaikniya  have  been  used  I  or  Group  J  and  Group  4  aa  author- 
ir.d 

I.  REPORT  TITLE:  Enter  the  complete  report  title  In  all 
i  epilul  lettera.  Tlllea  In  all  caaea  ahnuld  be  unclaarilied 
If  a  meaningful  title  cannot  be  aelecled  without  ilasalfica- 
tlon,  khuw  title  rlaaaificalion  In  all  capitate  in  perenlheaia 
iiniiirdiatel y  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  ehter  the  type  ol 
report,  r.g.,  inleriin,  progress,  aummary,  annual,  or  final. 

Give  the  Incluaive  datea  when  a  apeclflc  reporting  period  la 
<  overed. 

5.  AUTHOR(S):  Enter  the  nnme(a)  of  authorfa)  aa  ahown  ori 
or  in  the  report.  F.nlei  last  name,  first  name,  middle  Initial. 

If  military,  eho w  rank  ml  branch  ol  aervice.  The  name  of 
Ihe  principal  w  >lliur  ia  an  abaolute  minimum  requirement. 

6.  REPORT  DAT'.  E.nter  Ihe  du'e  of  the  report  aa  day, 
mouth,  year,  or  month,  year.  If  more  than  one  date  appeara 
on  Ihe  report,  uae  date  of  publication. 

7a.  TOTAL  NUMHER  OK  PAGES.  The  total  page  count 
ahould  follow  normal  pagination  proceduraa,  I.  a.,  enter  the 
number  of  pages  containing  information. 

7b.  NUMliKR  OK  REFERENCE*  Enter  Ihe  total  number  of 
refvreniee  cited  in  the  iiport. 

•  a  CONTNACT  OR  GRANT  NUMIlERi  If  appropriate,  enter 
the  applicable  number  of  Ihe  contract  or  grant  under  which 
Ihe  report  waa  written. 

Kb,  Kc,  U  Id.  PROJECT  NUMLfER.  Enlar  the  appropriate 
military  department  identification,  such  aa  project  number, 
eubprojsct  number,  ay  tarn  numbers,  teat:  number,  ale. 

0a.  ORIGINATOR’S  REPORT  NUMi)EH(K):  Enter  Ihe  offi¬ 
cial  report  number  by  which  the  document  wll!  be  Identified 
and  controlled  by  the  originating  activily.  Thla  number  mual 
be  unique  lo  thla  report. 

9b.  OTHER  REPORT  NUMUERf?):  If  Ihe  report  haa  been 
asaigned  any  other  report  numbara  farther  by  Ihe  originator 
or  by  lha  aponaor),  alao  enter  thla  numbar(a). 

10.  AVAILADILITY/L1MITATION  NOTICES:  Enter  any  llnv 
iutiona  on  further  dissemination  of  the  report,  other  than  thoie 


Impound  by  an  ur  it  y  ilasslliiutinn,  uNiny  atendard  ate  (ament  a 

■  mh  aa 

(1)  "(^lalific  <1  requesters  may  ohiom  t  ,,yirn  >.f  lltla 
rr|>uil  fr  ,n,  DDC.  ” 

(I)  "l-urrign  unnoum  erne  ni  unt  .li.brihuibti  n  wf  (hit 
rejtiiil  I « y  I)D(‘  1%  t)»*1  until  fl/nl.  " 

(3)  "IJ  S  (in vn ninrnl  **>,»  m  iri  <,|tl  mih  *  <>l»lea  at 

thla  M-jiort  dirr«lly  Ip  m<  I>1*  .  Oths-i  qii«»l  ifletf  IjDC 
users  shall  frqtjrM  Ihi-niyh 


(4)  *'U  S.  military  lit  I  «'  •*  Huy  -•)•!  .lilt  •  ta  i.l  tine 

report  directly  frum  t  in  .  iril.ii  |.i.,liln  l  i.une 
ahull  request  through 


(S)  “All  distribution  o(  this  report  l v  >  i  nliullnl  (^ual 
ifird  DDC  users  ahull  rr.|ui  M  through 


IftherrpurthMSbrrnfurnibtu-.tli  IhrOlhieol  I'n  hale  el 
Service*,  Deparlmenl  ol  Commerce,  for  sale  to  llie  pulilh,  Indl 
cate  thla  fact  end  enter  the  price,  il  known. 

II.  SUPPLEMENTARY  NOTES:  Uae  (or  additional  -.plan* 
tory  nolee. 


12.  SPONSORING  MILITARY  ACTIVITY.  Er* er  the  name  of 
Ihe  departmental  project  olfu  e  or  luhoretory  aponauring  (pay 
trig  fori  the  reaearch  and  development.  Include  eddreee. 

1  J  AllSTRACT.  Enter  an  ebalrac  I  giving  a  briel  and  factual 
aummary  ol  Ihe  document  Indicative  of  the  report,  even  though 
it  may  alao  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port  II  additional  space  Is  required,  a  continuation  sheet  shall 
be  attached, 

It  i*  highly  dcairabl*  that  Ihe  ebstieci  of  classified  reports 
be  unclassified  Each  paragraph  of  the  abstract  shall  and  with 
an  Indic  ation  of  the  military  ueiurily  claaaffic  ation  of  the  In¬ 
formation  in  lha  patagraph,  represented  as  (Til  (t).  (Cl,  or  (U) 

Thar  a  ia  no  limitation  cn  lha  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  la  frum  I  SO  to  22b  words. 

14.  KEY  WORDS:  Key  worda  era  technically  meaningful  lama 
or  shnri  phrasal  that  tharactsria*  a  report  and  may  be  uaad  aa 
India ‘entriaa  for  cataloging  Ihe  report  Key  worda  must  be 
•  elected  ao  that  no  inurity  c  laaalfit  allnn  la  required.  Identi¬ 
fier*  sulH  aa  equipment  model  designation,  trade  name,  military 
project  cod*  name,  geographic  location,  may  be  used  ea  key 
words  bul  will  bu  followed  by  an  indicallon  of  technical  con¬ 
test.  The  assignment  ol  links,  rule*,  and  weights  la  optional 


U-0  ill-ill 


UNCLASSIFIED 


Security  Claaalfication 


